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SUMMARY 

The purpose of  t h i s  s tudy was t o  e s t i m a t e  t h e  mass and p e r f o n a n c e  

c h a r a c t e r i . s t i c s  of e n t r y  system des igns  requ i red  i n  suppor t  of  1) a Mars 

sample r e t u r n  mission,  2) a s imple  hard  l a n d e r ,  and 3) a Mars a i r p l a n e  

mission. Viking technology o r  l o g i c a l  ex tens ions  of  t h a t  technology were 

used a s  a b a s i s  f o r  t h e s e  e n t r y  system des igns  thus providing a low 

r i s k  technology concept and r e a l i s t i c  e s t i m a t e s  of  mass r e l a t i o n s h i p s  

and performance c a p a b i l i t y .  

For t h e  Mars sample r e t u r n  miss ion,  va r ious  miss ion combinations were 

evaluated including d i f f e r e n t  Mars Ascent Vehic le  (MAV) masses and t h e  

use  o f  2 through 4 s t a g e s  o f  t h e  IUS launch veh ic le .  The primary c o n s t r a i n t  

i n  t h i s  t a s k  was t h e  s h u t t l e  payload bay geometry l i m i t a t i o n  (4.27 m 

diameter l i m i t )  i n  conjunct ion w i t h  t h e  very  l a r g e  and massive MAir r e q u i r e -  

ments. These c o n s t r a i n t s  tend t o  r e s u l t  i n  e n t r y  v e h i c l e s  wi th  exces- 

s i v e l y  h igh b a l l i s t i c  c o e f f i c i e n t s  and correspondingly high descent  

v e l o c i t i e s  near  t h e  su r face .  However, v i t h i n  t h e s e  c o n s t r a i n t s  t h e  f o l -  

lowing conclus ions  r e s u l t e d :  

An e n t r y l l a n d i n g  system can be developed t o  d e l i v e r  a landed- 

s c i e n c e l e a r t h  r e t u r n  system of  the  o rde r  of 6,000 - 7,000 kg. 

Such a system is  based on Viking technology bu t  w i l l  r e q u i r e  

f u r t h e r  engineer ing development i n  a reas  of :  

- Extendible  a e r o s h e l l  segments 

- Larger ,  h igher  dynamic p ressure  parachute systems 

Target  e l e v a t i o n  c a p a b i l i t y  appears l imi ted  t o  3 km o r  l e s s  -- 
site a l t e r a t i o n  may be a problem due t o  the  massive t e rmina l  

propuls ion system e f f e c t s  i n  t h e  landing area .  

For the  simple hard  l ander  miss ion,  t h e  v e h i c l e  was requ i red  t o  e n t e r  

a t  6.0 kmls from d i r e c t  approach and d e c e l e r a t e  down t o  20 m l s  a t  s u r f a c e  

impact. A main parachute ,  deployed a t  Mach 2 and an a l t i t u d e  of 10 km, 

r a p i d l y  slows the  v e h i c l e  t o  about 60 m/s a t  7.5 km and a t  t h a t  po in t  

a s o l i d  rocke t ,  i g n i t e d  by a s i g n a l  from a proximity r a d a r ,  d e c e l e r a t e s  

t h e  l ander  t o  the  required 20 m l s  a t  s u r f a c e  impact. The fol lowing 

conclus ions  r e s u l t e d  f o r  t h e  hard  l ander  e n t r y  system: 



0 Direc t  e n t r y  system mass of  about 65 kg is  requ i red  t o  suppor t  

a  50 kg lander .  

0 E i t h e r  s o l i d  rocke t  o r  parachute  can be  used t o  l i m i t  t he  

terminal  descent  and impact below 20 m l s .  

a The s o l i d  rocke t  i s  the  recomnecded t e rmina l  descent  d e c e l e r a t o r  

approach. 

0 The s o l i d  rocke t  d e c e l e r a t o r  approach r e q u i r e s  a  proximity 

r a d a r  a l t i m e t e r  f o r  i g n i t i o n  timing. 

For t h e  Mars a i r p l a n e  mission,  a  des ign  goa l  was t o  minimize t h e  

t o t a l  e n t r y  c a p u s l e / a i r p l a n e  mass by combining e n t r y  func t ions  and hardware 

i n t o  the  a i r p l a n e  system wherever p r a c t i c a l .  Also va r ious  approaches 

were examined f o r  suppor t ing  t h e  fo lded a i r p l a n e  w i t h i n  t h e  a e r o s h e l l  i n  

an  e f f i c i e n t  manner. The following conclus ions  were developed f o r  t h e  

Mars a i r p l a n e  e n t r y  system: 

a A 200 kg from o r b i t  e n t r y  system w i l l  suppor t  a  300 kg a i r p l a n e  

e n t r y  and provide proper a i r p l a n e  deployment cond i t ions .  

a A base cover t r u s s  supported a i r p l a n e  concept i s  p re fe r red .  

a The s h u t t l e  payload envelope i s  compatible wi th  launch of  f o u r  t o  

seven a i r p l a n e  e n t r y  systems depending on suppor t  s p a c e c r a f t  

s i z e  requirements.  

a Entry systems command and c o n t r o l  func t ions  can be incorporated 

i n t o  the  a i r p l a n e .  

a The e n t r y  system must con ta in  a s  a  minimum t h e  r a d a r  a l t i m i t e r ,  

RCS subsystem, va lve  d r i v e  c i r c u i t r y ,  and supplemental b a t t e r y  

power func t ions ,  o t h e r  e n t r y  system func t ions  can be performed 

by a i r p l a n e  syst2ms. 



I. INTRODUCTION 

This r e p o r t  d e s c r i b e s  e n t r y  system d e s i g r , ~  f o r  va r ious  advanced Mars 

miss ions  inc lud ing  -- 1 )  sample r e t u r n ,  2) hard  l a n d e r ,  and 3) Mars a i r -  

plane.  The Mere e x p l o r a t i o n  s y s t e m  f o r  sample r e t u r n  and t h e  hard  l ander  

def ined i n  t h i s  s tudy r e q u i r e  d e c e l e r a t i o n  from d i r e c t  approach e n t r y  
a 

v e l o c i t i e s  of about 6 km/s t o  t e rmina l  v e l o c i t i e s  c o n s i s t e n t  wi th  s u r f a c e  

landing requirements.  The Mars a i r p l a n e  e n t r y  system i s  d e c ~ l e r a t e d  

from o r b i t  a t  4.6 km/s t o  deployment near t h e  su r face .  

This  s tudy was performed by Martin Marie t ta  Corporat ion i n  suppor t  

of the  J e t  Propuls ion Laboratory a c t i v i t i e s  a s s o c i a t e d  w i t h  t h e  d e f i n i t i o n  

of f u t u r e  Mars missions.  The d a t a  genera te  r e i n  w i l l  be  used by JPL d+e 
i n  t h e i r  s e l e c t i o n  of t h e  more promising approaches f o r  t h e  f u t u r e  explora-  

t i o n  of Mars. 

The purpose of  t h e  s tudy was t o  e s t ima te  t h e  mass and performance 

c h a r a c t e r i s t i c s  of major elements of  t h e  requ i red  e n t r y  systetns us ing  

Viking technology o r  l o g i c a l  ex tens ions  of t h a t  technology i n  o rde r  t n  

provide a common b a s i s  o f  comparison f o r  t h e  t h r e e  miss ion mode approaches. 

The e n t r y  systeme, al though not optimized,  a r e  based on Viking des igns  

and r e f l e c t  c u r r e n t  hardware performance c a p a b i l i t y  and r e a l i s t i c  mass 

re1 l t i o n s h i p s  . 
Each of  t h e  t h r e e  d i f f e r e n t  Mars e x p l o r a t i o n  concepts i s  def ined and 

evaluated i n  a s e p a r a t e  chap te r  a s  an independent t a s k  I n  t h e  following 

order  : 

Chapter 11 - Sample Return Vehicle Entry System; 

Chapter 111 - Hard Sander Entry System; 

Chapter I V  - Mars Airplane  Entry System. 



11. TASK 1 - SAMPLE RETURN VEHICLE ENTRY SYSTEM 
I - 

A. TECHNICAL CONEIDERATIONS 

8 

The Mars e x p l o r a t i o n  systems s p e c i f i e d  i n  t h i s  s tudy r e q u i r e  dece le ra -  ' C 
0 

t i o n  from e n t r y  v e l o c i t i e s  of about 6 k n/s t o  t e rmina l  v e l o c i t i e s  c o n s i s t e n t  
.,I . 

with  s u r f a c e  landing requirements.  The sample meturn vBhicle  concepb uses 
1 .:g* 

* a  a d i r e c t  Mars e n t r y  and d i r e c t  r G u r n  t o  ea r '  mission mode and, t h e r e f o r e ,  p: 
t h e  e n t r y  systems mwt be d e s a n e d  f o r  d i r e c t  e n t r y  v e g c i t i e o  of 6 &%IS b ,? 

. . 0 

a s  compared t o  the  Viking e n t v  from o r b i t a l  v e l o c i t i e s  o f  about 4.6 km/so a 8 
The e n t r y  systems have been deollgnea u*ng Viking technology anodified a s  

necessary t o  enhance landed mass performance. o o 

Various e n t r y  system concepts were designed t o  accoanodate a r a n g e &  

poss ib le  payloads a d  these  cases  a r e  def ined under S e c t i e n  IJ.C.2. The 
31 IUS v e h i c l e  requirements range from two t o  four  s tage*.  f i e  . ~ t t l e  pay- 

load bay &metry c o n s w i n s  the  maximum stowed diameter t o  4.27 m (14 f t )  

f o r  a l l  conf igura t ions .  The diameter c o n s t r a i n t  turned ou t  t o  d e  a sexere 

l i m i t a t i o n  04 packaging and a f f e c t e d  b a l l i s t i c  c o e f f i c i e n t  design t w & l l i t i e a .  

With inc reas ing  e n t r y  mass and b a l l i s t r  c o e f f i c i e n t  i t  becomes more d i t f i c d t  

t o  slow ,#e e n t r y  v e h i c l e  down s u f f i c i e n t l y  f o r  s2E2 main pa(achute deploy- 
.-' 

ment. p i ,&rnate  aerodynamic shapes,  ex tend ib le  i e r o s h e l l  f aaps  and ba f luces  

w e e  conkddked dur ing  t h e  s tudy a s  p o t e n t i a l  means of reducing b d f i s t i c  

c o e f f i c i e n t  and, t h e r e f o r e ,  v e l o c i t y  r educ t ion  p r i o r  t o  main paaacdrute 

deployment, a e r e s h e l l  s t a g i n g ,  and terminal  propuls ion i g n i t i o n .  

@ 
B . TASK B O B - C ~ E  0 

R 

The o b j e c t i v e  d Chis @ask wa@te e s t a b l i s h  c o e e p t s  f o r  entecring and 

8 landing a d t r e c t - i e t u r n  elample c e t u r n  vehLcbe us ing t h e  ShuCttl@/TUS launch 
Q 

system. The &ld?ered mass was vas ied  as  ;I f u k t i e n  of the  number of ~e 

number of  IUS s t a g e s  considered whida ranged from two 4s four .  Concepts 

evaluated included cons tan t  & i f  e ld rag  e n b r i e s  (sisni Par t o  ViJrdng) a s  we l l  

as constant  l i f t l d r a  e n t c i e s  v i t a  Che ! l i f t  veceer  modulated by r 11 8 8 
maneuvers i n  e r d e r  t. miolnkze e n t r f  l o d a  anrt paracbate  deployrans ve&eci t?es .  



Aerorhe l l  de r ignr  included convent ional  ( f ixed-diameter)  as w e l l  a s  

deployable de r ignr  t h a t  extend t o  d iameters  l a r g e r  than  the  14 f t  

a l l w e d  by t h e  S h u t t l e  bay. 

C. ANALYSIS 

1. Guidel ines  and Ground Rulee 

The gu ide l ines  and ground r u l e s  f o r  t h e  des ign of  t h e  Mars Sample R e -  

t n r n  e n t r y  system a r e  a s  follow#. 

Direct  e n t r y  from approach. 

Both cons tan t  LID and r o l l  modulated l i f t  a t  cons tan t  LID e n t r y  

modes t o  be considered . 
I n i t i a l  a n a l y s i s  (Cases 1 through 4) cons t t a ined  t o  e n t r y  m a s  

compatible wi th  payload of  twin-s tage  PUS ( 5 , 5 0 0 k g ) .  

Subsequent analyses  based on determining e n t r y  mass required by 

JPL d i r e c t - r e t u r n  Mars Ascent Vehicle (MV). Mass of  MAV 6 ,000kg 

including 400 Kg margin. 

Determine a v a i l a b l e  landed maen us ing  t h r e e -  and four - s t age  IUS 

payload capability. 

Apply Viking technology o r  ex tens ions  a s  app l i cab le .  

Launch payload c a p a b i l i t y  based on JPL handout (Nagorski d a t a  

of Reference 1 ) .  

Entry and descent  performance based on t h e  Viking recons t ruc ted  

atmosphere model. 

Assume terminal  descent  propulsion s i m i l a r  t o  t h e  Viking l i q u i d  

descent propulsion system. 

Assume wind p r o f i l e s  equal  t o  112 of  Viking des ign winds (which 

proved t o  be too  conse rva t ive ) .  Di rec t ion  of wind assumed t o  

5e i n  adverse d i r e c t i o n :  

a) Head wind a t  e n t r y  ( i n c r e a s e s  loads  and h e a t i n g ) ;  



b) T a i l  wind a t  descent  ( i n c r e a s e s  t o t a l  v e l o c i t y  requirement 

on t e rmina l  propulsion system). 

2. Case D e f i n i t i o n s  

The case  d e f i n i t i o n s  f o r  t h e  Mars Sample Return e n t r y  system task  a r e  

shown i n  Table 11-1. The cases  were evolved dur ing t h e  s tudy a s  new d a t a  

were developed both h e r e  and a t  JPL. 

Cases 1, 2 ,  and 3 r e s u l t  from a pre l iminary  a n a l y s i s  of t h e  use  of 

Viking technology f o r  both t h e  11.5 i t  "as  b u i l t "  a e r o s h e l l  and f o r  

increased e n t r y  masses and sca led  up a e r o s h e l l  d iameters .  Cases 1 and 

2 were designed t o  the  nominal e n t r y  environment whereas Case 3,  a t  a 

g r e a t e r  mass and b a l l i s t i c  c o e f f i c i e n t  than Case 2 ,  has a beefed-up 

a e r o s h e l l  t o  wi ths tand t h e  g r e a t e r  load and hencing. 

Case 4 has t h e  4.72 m (14 f t )  diameter t h a t  is t h e  ~naxirnum allowable 

wi th in  t h e  S h u t t l e  payload bay dynamic envelope. This  case  assumed a twin 

s t a g e  IUS launch v e h i c l e  which r e s u l t e d  i n  a 5,343 kg mass a v a i l a b l e  a t  

Mars e n t r y .  The mass and volume a v a i l a b l e  f o r  a MAV were c a l c u l a t e d  as -  

suming a scaled-up Viking conf igura t ion  f a  both the a e r o s h e l l  and t h e  40° 

r e t u r n  angle  af terbody.  Both cons tan t  L /D and r o l l  modulated l i f t ,  a l s o  

wi th  cons tan t  LID, were considered i n  t h i s  case .  The r o l l  o r i e n t s  t h e  

l i f t  v e c t o r  a s  r equ i red  by t h e  guidance laws t o  c o n t r o l  a l t i t u d e ,  however 

t h e  v e h i c l e  i s  f ixed  i n  t r i m  a t  a  cons tan t  L /D r a t i o .  

I n  Case 5 t h e  e n t r y  mass required t o  suppor t  6,000 kg MAV mass was 

es t imated assus ing  the  maximum al lowable  d iameter  of 4.27 m (14 f t )  

and 6 th ree - s tdge  IUS launch veh ic le .  These l a r g e  masses and v o l m e s  re- 

s u l t e d  i n  high b a l l i s t i c  c o e f f i c i e n t s  and required t h e  a d d i t i a n  of a b a l l u t e  

t o  slew t h e  v e h i c l e  down s u f f i c i e n t l y  t o  deploy t h e  main chute.  

Case 6 was a proposed a l t e r n a t e  s o l u t i o n  t o  the  problems encountered 

i n  Case 5.  Extendible f l a p s  were incorporated around the  circumference 

of the  a e r o s h e l l .  When stowed, the  f l a p s  were wi th in  the  4.27 m (14 f t )  

diameter S h u t t l e  payload limits v e t ,  when extended,  t h e  f l n p s  provided 



ruff ic ient  drag area t o  reduce the entry b a l l i s t i c  coe f f i c i en t ,  minimize 

entry weight, and provide an acceptable a l t i tude  above the surface for  

chute deploymant a t  M = 2 .2 .  

Cases 7 and 8 are scaled up versions of Care 6 designed t o  evaluate 

landed weight avai lable  using a four-stage IUS launch vehic le  for a 1990 

and a 1988 launch opportunity. 



t i .  

TABLE 11-1 CASE DEFINITION 

No. OF 
CASE IUS 

NO. STAGES 

1 2 

2 2 
3 2 

4 5 

I 
! 

5 3 

6 3 

7 4 

I 
8 4 

AEROSHELL 
DIAMETER 

m ( f t )  

3.5 (11.5)  

Fixed A / S ,  
4.27 (14 )  

With Flaps 
7.64 (25) 

Fixed A/S 
4.27 (14) 

With Flaps 
8.4 (27.7) 

Fixed A/S 
4.27 (14) 

With Flaps 
9.2 (30.1) 

CONFIGURATION 

Viking "As B u i l t "  

Ircreased Diameter 
Increased Diameter 

Main Chute 

Ba l l  ute/Chute 

Same as 6 

Same as 6 

HASS MASS 
AVAILABLE AVAILABLE 
FOP. EtiTRY FOR MAV 

(Kg) (Kg) CASE MFINITIOH 
1,148 N/ A 1.  Viking "as b u i l t "  system P n l  lmlnary 

2. 14 f t  diameter version o f  Vtking study o f  
w i t h  same en t r y  env l roment  V l k i ng  tech- 

3. 14 f t  d i a m t e r  - higher b a l l i s t i c  nology--wit 
c o e f f i c i m t .  beefedup.aeroshe1~ o f  o r b f t  antry 

1 A - 
3.568 
(See Sectlon 
Ilc6b f o r  
der iva t ion)  

Estlmate mass available f o r  MY s t a r t i n g  w i t h  
5,343 Kg mass ava i l  b l e  f o r  entry.  Assume CIAV may 
be packaged i n  a 408 re tu rn  angle afterbody. 

a) Constant L/D en t r y  node; 
b)  Ro l l  modulated, constant L/D W e .  

9.690 
(See Section 
I I c6c  f o r  

- 
Estimate ent ry  mass reouired and en t r y  veh lc le  
conf igurat ion based on 4.27 m (14 f t )  d l a m t e r  aem- 
she l l  ( s t a r t l n g  wt th  6.000 Kg M Y ) .  

9,400 
(See Section 
I Ic6d f o r  

Estimate ent ry  mass required and en t r y  veh ic le  
conf igura t ion  based on extendlble f lap aemshel l  
( s t a r t i n g  w i t h  6,000 Kg MY). 

10,750 --- Determine landecl mass ava i lab le  i f  f u l l  four-stage 
IUS i s  used. 1990 Launch Year. 

--- Determine landed mass ava i lab le  i f  f u l l  four-stage 
IUS i s  used. 1988 Launch Year. 



3. Launch Vehicle C a ~ a b i l i t y  

Shuttle/IUS payload performance is  shown on Figure 11-1, and is from 

Ref. I.. Payload ma88 i n  kg i e  shown a s  a function of C f o r  twin-stage, 3 
three-s tage,  and four-stage IUS configuratione. Payload i e  defined a8 t o t a l  

ma': in jec ted  i n t o  trane-Mare t ra jec tory .  Cases 7 and 8 a r e  based on maxi- 

IW.~ payload capab i l i t y  f o r  t he  four-stage IUS f o r  the  1990 and 1988 launch 

o , ' ~ ~ o r t u n i t i e s .  Other cases a r e  not based on s p e c i f i c  performance capabi l i -  

t y  pointe. Mars a r r i v a l  ve loc i ty  and entry ve loc i ty  f o r  t h e  deca&s of  t he  

19k10's and 1990's a r e  shown on Figure II-2.  For the per t inen t  oppo~ tun i -  

t i e s  during those decades, an en t ry  ve loc i ty  of 6.0 k d s e c  represents  a 

cr. t i c a l  en t ry  ve loc i ty  condition and was used f o r  t be  MR mission. 

G. Entry and Descent 

Entry analysis  was made from d i r e c t  approach (except f o r  Cases 1, 2, 

and 3). Entry conditions a r e  defined a t  243 km above the  planet  surface 

w i t h  an en t ry  ve loc i ty  of 6.0 kodrec. Trajectory sirmulation is  made up 

of t h e  aeroshel'l phase, cerodynamic dece le ra tor  (chute and ba l lu t e )  phase, 

and a terminal phase propulsion system. 

A f l i g h t  ?ath cor r idor  uncertainty of 1.5' was assumed resulted 

i n  an en t ry  cor r idor  from -16.5' t o  -18.0~. The s t eep  end of t he  cor r idor  

:-la0) produced the c r i t i c a l  condi t ions f o r  both m a x i m m  dynamic pressure 

and c r i t i c a l  .-arachute deployment a l t i t u d e  a t  2.2 Mach number when combined 

with r o l l  angle modulation. 

The atmosphere model used was a k,king reconstructed dens i ty  p r o f i l e  

with a surface pressure represent ing a near minimum of t he  Mars year 

pressure cycle. The model is  therefore  conservative from a landing site 

e leva t ion  stantrooint f o r  most of the  Mars year. 

A maxi. .im l i f t  t o  drag (LID) r a t i o  of 0.30 was used. For t he  con- 

f igura t ion  considered ( a  70' blunted cone) the required angle of a t tack  

of 21 put the s tagnat ion point  near the  cone edge which resu l ted  i n  

htan l oca l  heat ing and s t a b i l i t y  problems under vehic le  dynamic conditions.  

i n t r y  performance and heating r a t e  ca lcu la t ions  a r e  therefore  op t imis t ic  

for  a 0.30 L/D r a t i o .  







Parachute performance and weight es t imates  were based on Viking techno- 

logy. Due t o  t h e  mrch l a rge r  e i z e  of  t he  main chute and the  higher  dynamic 

pressure a t  deployrmant, a mortared-out drogue chute was used t o  deploy the  

mein chute. T ~ C  main chute maximum deployment condi t ion was es tab l i shed  

aa Mach 2.2, based on Viking chute  deployment test r e s u l t s .  The drogue 
. _ 1  

chute diameter was s ized t o  be two t h e e  ae roshe l l  diameter t o  overcoihe 

wake e f f ec t s .  Chute weight was estimated by r a t i a i n g  the  canopy area  

and deployment dynamic pressure of  t h e  Viking chute. Se Appendix B f o r  

det i  '1s. 

The high b a l l i s t i c  coe f f i c i en t  of  Case 5 required t he  addi t ion of a 

Mach 5.0 deployed b a l l u t e  t o  t he  dece le ra tor  systems. A b a l l u t e  of 28 it 

diameter was se lec ted  t o  provide the required main chute  deployment 

condi t ions a t  s u f f i c i e n t  a l t i t u d e  fo r  terminal  phase operation. The 

b a l l u t e  weight es t imate  was made by using the  following equation developed 

on e a r l y  Viking s tud ies .  

R = b a l l u t e  radius 

D = dynamic pressure a t  deployment, p s i  

Ef, = Mach number a t  deployment 

WB = ba l lu t e  weight-LBS 

The b a l l u t e  is a l s o  used t o  deploy the  main chute when the  vehic le  has de- 

ce le ra ted  t o  chute deployment conditions.  

The terminal phase propulsion system used i n  Cases 1, 2,  3 ,  '?nd 4 

was the  bas ic  t!+king system modified t o  a constant  pressure feed &stem 

~ h i c h  replaced the blowdown system. A s  landed weight wae increa~ed+,~ addi- 
- * a r  

t i o n a l  engines were added t o  maintain the Viking thrust-to-weight ra t io . . "  

For Cases 5, 6 ,  and 7 a hybrid so l id  propel lant- l iquid system was used. 

The s o l i d  propel lant  system was designed t o  remove the  major prot ion 

of the remaining ve loc i ty  a f t e r  chute separat ion and the l i qu id  propel lant  

system then removed the wind (surface r e l a t i v e )  ve loc i ty  and any uncertain- 

ties t o  a f f e c t  a s o f t  landing. 



Entry t r a j e c t o r i e s  for  Cares 1, 2, and 3 were taken from references 

2 and 3. For Care 4 en t ry  t r a j e c t o r y  environmant and condi t ions a t  chute 

deploynmnt were taken from JPL work, Reference 4. The l a t e r d a t a  included 

the  e f f e c t  of  l i f t  vec tor  roll modulation. Entry t r a j e c t o r i e s  f o r  Cases 

5 and 6 (7 and 8) are shown on Figurer 11-3 and 11-4. Figure 11-4 

rhowr t h e  terminal phara o f the  en t ry  t+rajectory.  Caser 6 (7 and 8 ) ,  

which incorporate  extendible  ae ro rhe l l  f l aps ,  have f l a p  s i z e s  designed 

f o r  c o n r t m t  en t ry  b a l l i s t i c  coe f f i c i en t  and therefore  have conmon 

e n t r y  t r a j ec to ry  cha rac t e r i s  tics. Parachute s i z e  and terminal phase 

propuloion t h r u s t  were increaeed i n  proportion t o  increased mass f o r  

Cases 7 and 8. Key entryldescent  parameters a r e  tabulated on Table 11-2 

f o r  Cases 4 and 5 and on Table 11-3 f o r  Case& 6 ( 7  and 8). 

An a l t e r n a t e  analysie  f o r  Case 4 (entry mass = 5,343 kg) was made 

f o r  e n t r i e s  with constant  LID r a t i o  (non-rol l  modulated.) It became 

evident  e a r l y  i n  t he  ana lys i s  t h a t  en t ry  system weights f o r  t h i s  non- 

r o l l  modulated concept were higher and landed dry weight lower than 

those of  t he  r o l l  modulated concept. Analysis f o r  t h e  non-rol l  modulated 

concept was therefore  discontinued. Parametric en t ry  da t a  generated 

during t h e  study a r e  preeented on Figure A - 1  through A-4 i n  Appendix C 

t o  t h i s  repor t .  

Rol l  modulation a s  used i n  t he  present ana lys i s  consisted of r o l l i n g  

the  en t ry  vehicle--whLch was trimned t o  a s p e c i f i c  angle of a t tack  by 

c.g. offset--around the a i r  r e l a t i v e  ve loc i ty  vector.  This r o l l  angle 

gives  an e f f e c t i v e  modulation of t he  l i f t  vector  i n  the v e r t i c a l  plane 

of the t r a j ec to ry .  The e f f e c t  of  modulating the r o l l  angle is:--1) t o  

assure  en t ry  a t  the shallow end of  the  f l i g h t  path cor r idor  by r o l l i n g  

t h e  l i f t  vector  down; 2) t o  minimize dynamic pressure and heating r a t e  

during the  maximum dece le ra t ion  port ion of the  t r a j ec to ry ,  and 3) t o  

modulate the vector  t o  maintain a constant a l t i t u d e  a f t e r  maximm dynamic 

preesure and thereby reach chute deployment a t  t he  highest  possible  

a l t i t u d e .  Figure 11-5 i l l u s t r a t e s  the  e f f e c t  of r o l l  modulation on the 

a l t i t u d e  a t  which chute  deployment can be a c h i e ~ d .  
" '3 



ENTRY/DESCENT TRAJECTORIES FOR FIXED AND EXTENDIBLE AEROSHELLS , , 

CASES 6 (7 & 8) 
EXTENDIBLE A/S 

6.0 

- 18 
8.15 
157 

' *ROLL MIDULATED LIPT VECTOR 

r- DEPLOY CHUTE 

1 2 3 

RELATIVE VELOCITY ( Km/sec 



FIGURE 11-4 LJ 

TERMINAL DESCENT TRAJECTORIES - FIXED AND EXTENDIBLE AEROSHELLS 

CASE NO. 5 CASES 6 (7 & 8) 
FIXED EXTENDIBLE 

18 : -  :.?I -I 

HE* Kg 9,684 

16 - YE, deg 18 - 18 
, r - j  CASE NO. 5 

.?, VE* Km/s ~ 6.0  ..,, 6 -0 
14 - 

L/D 0.3 / . -1 
6 (7  & 8 b H  

12 , 
/ 

/ 
DEPLOY BALLUTE 

- M = 5  
E 
tf 10 - q = 2.5 Wrn2 
w (51.6 psf) 
0 
3 

8 -  
C 
-.I 
.4 

DEPLOY CHUTE 

M = 2.2 

q = 1.1 KN/m2 (23.4 psf )  

END SOLID MOTOR BURN 

-r--- - 

0 0.2 0.4 0.6 0.8 1.0 

RELATIVE VELOCITY (Km/s) 



TG.' :e 11- 2 Iley Entry/Descent Parameters for Cases 4 and 5 

VE = 6.3 Km/sec 

ENTRY CORRIDOR - 1-1/2 deg 

ENTRY MODE - GUIDED (ROLL MODULATED) 

L/D MAXIMUM - 0.3 

LANDING SITE ELEVATION - 1.5 Km 
AEROSHELL DIAMETER - 4.27 m 

MAIN CHUTE 
D I A / ~ H / q D y I  

( n r / ~ o . / ~ ~ / r n ~ )  

31.7/2.2/1.1 

41.8/2.2/1.1 

BALLUTE 
D I A / ~ C H / Q ~ ~ ~  

(~/No./KN/~~) 

--- 

8.5/5.0/2.5 

AFTERBODY 
SHAPE 

40' Return 
Angle (Re1 . 
Vert . ) 

20' Return 
Angle (Re1 . 
Vert . ) 

TOTAL 
HEAT 
LOAD 

(J/cm2 ) 

5,414 

5,115 

margin) 

MAX. 
HEATING 
RATE 

_(w/cm2) 

43 

72 

I 

MAX. 
y 

(Deg ) 

-18.0 

-18.0 

* 

CASE 

4 

5 

MAX. 
DYNAM. 
PRESS. 

( W r n 2 )  

13 

24 

MAV 
MASS 
( ~ g )  

3,568 

6,000 
( i n -  
c l  udi ng 
490 Kg 

ENTRY 
MSS 
(Kg) 

5,343 

9,689 

I 

BALLIS. 
COEF. 

(Q/m2)  

260 

484 



Table 11- 3 Key hztry P a m m e t e r 8  f o r  C a s e s  6 ,  7 ,  m d  8 

ENTRY CORRIDOR 1-3/2  d e g  

ENTRY MODE CONSTANT L/D, NOT ROLL MODULATED 

L/D MAXIMUM 0.15 
AEROSHELL DIAMETER (FIXED PORTION) 4.27 m 

FLAP S I Z E  (8 REQUIRED): 

CHORD/SPAN, m CASE 6 CASE 7 CASE 8 
1.67/1.80 1.67/2.16 1.67/2.54 

W 
ENTRY FnAV BALLISTIC 

w MASS MASS 
I 

COEFF . 
C-' 
p. CASE (Kg) (Kg) ( K g h 2  

1 1 

-- - 

MX. I MAXIMUMI MI. TOTAL 
DYNAMIC HEATING HEAT 

Y PRESSURE RATE LOAD 
CHUTE 

DIAMETER/MACH/qDyN I 





The rtagnation point heating rate pulre for Care 6 (7 and 8) 10 

rhwn on Figure 11-6. The integrated heat load, noted on the curve 

war ured i n  ertiaot1r;g heat rhield weight8 for carer 6,  7 and 8 b u d  

on tho analyrir for Care 5 ,  dircuased in  ParagraphII.C.S,Heat Shield 

Derign. 





5. Raat Shield Design 

Protection of the entry vehicle from the  aerodynamic heating environ- 

ment war acqomplished by uring an abla t ive  heat shield similar  i n  concept t o  

t h a t  ured oq Viking, Heat rhOsld analysis  was accomplished by means of the 

T-CAP computer simulation which calculated the ablat ion material thickness 

required such tha t  the  backface temperature would not exceed a specif ied 

tenperature during entry. I n  the present analysis a maximrm backface temp- 

era ture  of 600'~ was specified. Heating r a t e  input used was stagnation 

point r a t e  based on a nose radius of 1.07 m. This approach is conservative 

because actual  heating d is t r ibut ion  is l e s s  than stagnation r a t e  over a 

s igni f icant  portion of the forebody diameter. This conservatism is coun- 

tered by the moh higher than Viking angle of a t tack  (-20' vs  -11°) which 

leads t o  high local  heating a t  the t a i l i n g  edge radius--windward s ide ,  and 

by nonevaluated dispersions i n  aerodynamic coefficient  and atmospheri.~ 

sca le  height charac ter is t ics .  In  addition, Viking heat sh ie ld  calculated 

thickness required was increased by a safe ty  fac tor  of 1.5 while the  present 

design has (I fac tor  of only 1.16. The present study heat  shield designs 

were therefore considered t o  be only moderately conservative. 

Heat sh ie ld  thickness analysis and weight estimates were made for  

Cases 4 and 5. Heat shield weights fo r  Cases 6 ,  7, and 8 were estimated 

from Case 5 analysis a s  discussed i n  Appendix B. 

Heating r a t e  time history for  Case 4 is shown on Figure 11-7. Based 

on an aluminum substructure equivalent t o  0.04 in. thickness ar,d ESA-3560 

ablation material,  the var ia t ion  i n  backface temperature with heat shield 

thickness is as shown on Figure 11-8. For the specified backface tempera- 

ture  of 600°~,  a thickness of 0.433 in .  was required. The a r e a d t o  be protec- 

ted was 162 sq f t  and the uni t  weight of the ESA 3560 material was 
3 30 l b / f t  . The resul t ing  heat shield mass was 80 kg x 1.16 = 93 kg. 

ESA 3560 material was used because of i ts  a b i l i t y  t o  withstand high heating 

ra tes .  The Viking material,  SLA 561, was tested t o  a maximum heating r a t e  
2 of 20 BUT/ft2 see,  considerably below the 40 BTUIft sac estimated for  

Case 4 ,  and was therefore considered not proven fo r  t h i s  application. 



The afterbody for  Case 4 was estimated t o  have a heating r a t e  equal t o  

5% of the stagnation point heating rate.  Maxirmm backface temperature a s  

a function of heat sh ie ld  material thickness is  shown on Figurcr 11-9. 

Prac t ica l  ablation material ins t a l l a t ion  considerations indicated a minimm 

thicknear of 0.1 in. should be used. SLA 561 material provided superior 

insulat ion charac ter is t ics  and was therefore used for  t h i s  application. The 
3 afterbody area was 238 sq fcwhich a t  the  material densi:y of 15 l b l f t  re- 

oulted i n  a mass of 13.5 x 1.16 = 15.7 kg. 

Heating r a t e  time history fo r  Case 5 i s  shown on Figure 11-10. Based 

on an aluminum substructure equivalent t o  0.05 in. thickness and ESA 3560 

ablat ion material,  the  var ia t ion  of backface temperature vs  heat shield 

thickness shown on Figure 11-11 was derived. For the specif ied 6 0 0 ~ ~  back- 

face temperature a heat sh ie ld  thickness of 0.390 in. was required. The 

area t o  be protected was 162 sq f t  and the  uni t  weight of the ESA 3560 
1 

3 material was 30 l b l f t  . The result ing heat shield mass was 72 kg x 1.16 = 

84 kg. 

The afterbody f o r  Case 5 is estimated t o  have a heating r a t e  equal t o  

5% of the  stagnation point heating ra te .  Majtimum backface temperature as 

a function of heat shield thickness i s  shown on Figure 11-12. The minimum 

heat sh ie ld  thickness of 0.1 in. SLA 561 material was used. The afterbody 

area was 468 sq f t  which resulted i n  s heat shield mas6 of 26 kg x 1.16 = 

20 kg. 















6, Confi,uration and Mare Propertier <-:: 

a. Viking Technology (Cares 1, 2, and 3) - A brief  preliminary evalua- 

t ion  was p e r f o m d  t o  determine the maximum mare which can be landed on the .. 
rurface of Marr using Viking ryrtem concept8 (ree Appendix A for  addition- 

a l  parametric data). A s  e h m  i n  Table 11-4, the Case 1 deeign was coneis- . 
t en t  with the  Vakiag '75 design entry environment limits of dynamic pressure, 

heating r a w ,  and heat  load obtainad from out-of-orbit entry. This i l l u s -  

t r a t e s  t h e  the Viking '75 design, with i t e  3.5 rn (11.5 f t )  diameter aem- 

s h e l l ,  can be extended from 981 kg of entry mass t o  1,148 kg by taking ad- 
:.--., 

8. J vantage of the conservative design margins. 
c* ;$ :+, . : I n  Care 2 the diameter was increaeed t o  the f u l l  allowable l i m i t  of the 

Shut t le  payload dynamic envelope, 4.27 m (14 f t ) ,  and the same entry environ- 

ment and b a l l i s t  coeff icient  were maintained a8 i n  Caee 1. The allowable 

entry mars increaeed t o  1,700 kg a h  a &y landed mase of 1,220 kg ae com- 

pared t o  800 kg f o r  Caee 1. 

- I n  Case 3 the entry environment(dynamic pressure sad heating) were 

allowed t o  become more severe than those of Viking '75. An entry b a l l i s t i c  
2 coefficient  of 145 kg/m was aeeumed baeed on the previous work done by 

@ NASA Langley (Ref. 3). Because of the increaeed severi ty of the entry en- 

vironment, the  aeroehell s t ruc ture  and heat shield masses were appropriately 

, . a . r - ., ecaled up from that  of the Viking '75 s t ruc ture ,  reorr&ng i n  entry and dry 

landed maeees of 3,100 kg and 2,140 kg, reepeatively. The mase increases 

due t o  a larger  parachute and added propaleion for  the terminal dcecent 
- phare3are a lso  included. The parachute wae deployed a t  Viking '75 design 

3 corditione of Mach 2.2 and d y W c  preeeure 8.6 psf,  however the chute is larger  

than tha t  of Ybing '75 and the ta rget  elevation margin i e  minimal. .:, 

b. Fixed Aeroehell with 5,343 kg Entry Mars (Case 4) - The objective 

i n  studying Case 4 wae t o  estimate the  maes and volume available for  a MAV 

s t a r t i n g  with @5,343 kg entry mass (twin-etage IUS launch vehicle) and 

a 4.27 m (14 f t )  di-ter entry of configuration with a 40' return angle 

aftefiody. 

Both constant LID and r o l l  modulated l i f t  entry modee were coneidared 

a8 discusred i n  Section II.C.4. 



TabZe I T - 4  Landed Mass CapabiZity S m a r i j  for  Viking CZass Systems 
I 

' 0  

E 

E 
I CASE 1 CASE 2 

4.27 (14) 
r 

AEROSHELL DIAMETER, m (ft) 

ENTRY MASS, Kg c' 

DRY LANDED MASS, Kg 

i 

CASE 3 

4.27 (14) 
I 

3.5 (11.5) 

1,148 

800 

GREATER THAN 
VIKING ' 75 - 
OUT OF ORBIT - 

1,700 

1,220 

SAME AS 
VIKING '75 

OUT OF ORBIT 

r 1 

3,100 

2,140 

ENTRY BALL ISTIC COEFF . , kg/m2 1 78.5 

ENTRY LOADS 

ENTRY COND I T I  ON 

78.5 
I 

145 

SAVE AS 
V IK ING '75 

OUT OF ORBIT 

Y 



Table 11-5 preren t r  the estimated mass breakdown f o r  an en t ry  weight 

of 5,343 kg and shaja t ha t  t h e  m a s  ava i lab le  f o r  t he  MAV was 3,568 kg and 

for the  lander war 960 kg. This t o t a l  mass of M V  and lander ,  4,528 kg, 
3 3 3 

required a volume of 18.9 m a t  240 kglm (15 l b s l f t  ) packaging densi ty .  
3 The ava i lab le  volums s h w n  i n  Figure 11-13 was only 12.2 m , therefore  Case 4 

was not a v i8b le  conf igurat ion.  

Subsequent ana lys i s  a t  JPL indicated t ha t  a reasonable minimum MAV mass 

was about 5,600 kg which i s  considerably g rea t e r  than the  3,568 kg ava i l -  

able  f o r  t h i s  case. 

c .  Fixed Aeroahell with 6,000 kg MAV (Case 5 )  - the  ob jec t ive  of t h i s  

case was t o  eutimate the  en t ry  mass requ'red and the en t ry  vehicle  configurat ion 

based on a 4.27 m (14 f t )  diameter aeroshe l l  and o 6,000 kg MAV mass. 

Table 11-6 presents the en t ry  vehic le  mass breakdown with a 5,600 kg plus 

a 400 kg MAV margin; The en t ry  subsystems ( i . e . ,  ae roshe l l ,  baee cover, 

deployable dece le ra tors ,  e t c . )  and lander (not including the  MAV) had a mass 

of 3,690 kg. The al l -up en t ry  mass including the  MAV was 9,640 kg. This 

configurat ion required a three-s tage IUS launch vehicle.  

Because of che aeroshe l l  diameter cons t ra in t  c f  14 f t  the large en t ry  

mars, and high b a l l i s t i c  coeLficient , t h i s  configuration required the  addi t ion  

of a b a l l u t e  t o  slow the veh ic l e  down t o  a s a f e  ve loc i ty  and Mach num5er fo r  

main chute deployment. The ba l lu t e  was deployed a t  Mach 5 and the chute * 

was deployed a t  Mach 2.2, j u s t  providing minimum t e r r a i n  clearance margin 

pr ior  t o  i gn i t i on  of the terminal descent propulsion. See Sect ion II.C.4 

f o r  discussion of the descent t r a j ec to ry .  

I n  order t o  house the  la rge  MAV ascent propulsion s tages  and the lander 

hardware, the a f t  c w e r  sec t ion  was extended a s  shown i n  Figure 11-14, 

With a s h a l l c r ~  re turn  angle of 21' the  atmospheric flow during en t ry  w i l l  

tend t o  rea t tach  t o  tho a f t  cover and increase the  l oca l  heat ing by a s i g n i -  

f i can t  f ac to r  and, therefore ,  addi t iona l  heat  sh i e ld  mater ia l  was required 

on the baro cover. About 60 kg of the 215 kg baee c w e r  mass is  required 

t o  provide the n e c e s r ~ r y  thermal protect ion.  



This ca@igutat ion a l so  has a r t l a t & u ~  a f t  center  of g$m%ty 

c w o p q s d t o  t h a t  of Viking; however S t  r(. *till s t a t i ca lPy  soabPe because 

of t@ Mu& 70' half-angle aeroshel l .  The vehic* doe. need damplag augnrda -  
r 

t l on  with t h i s  a f t  c.g. locabion and the  ~ s t i m a t e d  mass f o r  the ex@ry 9 t tAude  

cont ro l  and damping ayetern Was 186 k.  

Although &is configuration afiears f ea s ib l e ,  i t  my.it swty on the bad* 

l u t e  t o  slw it down p r io r  l o  c k i e  dgloyment and the t e r r a i n  clearan* 
4 

margin is emsenbially zer8 .  Conafderation 9 s  modificatAons t c  the confi~ur&&vm 

t o  improve the s i t u a t i o n  by *edng 3he bafUs8dc coef f ic ien t  led t o  the 

evaluation of Case 6 which is describgd i n  the nexb sectfon (Section I I .C.6 .d) .  



TABLE 11-5 

ESTIMATE FOR MAV MASS AVAILABLE USING 5,343 Kg MASS AT ENTRY (CASE 4 )  

SUBSYSTEM 

AEROSHELL 

STRUCTURE 
HEAT SHIELD 
ACS 
MISCELLANEOUS 

( I n s u l  . , Pyro., e t c )  

BASE COVER 

STRUCTURE 
HEAT SHIELD 
MISCELLANEOUS 

DECELERATOR 

DROGUE 
W I N  

LANDER 

STRUCTURE 
PROPULSION INERTS 
OTHER SS 
PROPELLANT 

SUBTOTAL 
MARGIN 

MAV + MARGIN 

T0TP.L 

MASS, Kg 

234 DRY LANDED MASS = 4,303 Kg 

113 SUMMARY 

MASS AT ENTRY = 5,343 Kg 

r MASS AVAILABLE FOR MAV = 3,568 Kg 

9 6 0  





TABLE 11-6 

ENTRY MASS REQUIRED FOR FIXED AEROSHELL CONCEPT (CASE NO. 5) 

6,000 Kg MAV - DIRECT RETURN MSR 

ENTRY CHARACTER ISTICS 

TYPE ENTRY GUIDED (L/D MODULATED FROM -0.3 TO +0.3) 

BALLISTIC COEFFICIENT (Kg/m2) 4 8 4  (3.0 SLuGS/FT2) 

MASS SUMMARY (Kg) 

BASIC AEROSHELL 327 ( 1  6,000 Kg MAV per J P L  DESIGN 

BASE COVER 

ACS SYSTEM (ESTIMATED) 

BALLUTE (MACH 5.0)  6 9 2  

PARACHUTE 3 9 9  

TERMINAL PROPULSION SYSTEM 8 9 2  
(SOLID + L IQUID)  

LANDER 

SUBTOTAL 

ENTRI SYSTEM MARGIN 335 

ENTRY/LANDING TOTAL 3,690 

MAV ( INCL. 4 0 0  Kg MARGIN) 6 , 0 0 0 ( ~ )  

TOTAL (ENTRY MASS) 9,690 

FOR WORST YEAR I N  1 9 8 0 ' s  

( i . e . ,  1988). 





d. Extendible Aeroshell  (Care 6). The objec t ive  of t h i s  tank war t o  

examine umthods of lowering t h e  b a l l i r t i c  coe f f i c i en t  of Case 5 by the  addi t ion  

of f l aps  which could be deployed a t  t he  edge of t he  ae roshe l l  a f t e r  leaving 

the  Shu t t l e  Bay. An addi t iona l  object ive was t o  es t imate  the  en t ry  mass 

required and def ine  t he  e n t r y  vehic le  configurat ion (based on the  extendible  

f l a p  aeroshe l l  concept) s t a r t i n g  with a 6,000 kg MAV mass. This case is an 

extension of Case 5 and the  addi t ion  of f l aps  allowed de l e t i on  of the  b a l l u t e  

s in& the  addi t iona l  f l a p  drag was s u f f i c i e n t  t o  slow thevehicle  down t o  a 

s a f e  main chute deployment condition a t  a reasonable a l t i t u d e .  

Figure 11-15 shows a plan view of the  extendible  f l a p  configuration. 

The f l a p s  would be extended and locked i n t o  place during the  in te rp lane ta ry  

n r  approach phase p r io r  t o  entry.  The drag area is increased from 14.31 
2 2 2 m2 (153.9 f t  ) f o r  t he  fixed aeroshe l l  t o  38.4 m (412.9 f t  ) f o r  the er- 

tended f l a p  configuration. Although the  extendible  f l a p s  add 660 kg of 

mass, t he re  is a compensating savings i n  system mass obtained by de le t ion  

of  t he  la rge  b a l l u t e  and reduction i n  ACS system, reduction of main parachute 

m a s ,  and savings of s t r u c t u r a l  mass i n  the fixed port ion of t he  aeroshe l l  

coufigurat ion due t o  less severe (by about 1/2) en t ry  loads and h a t i n g .  

Yhe ove ra l l  e f f e c t  of t he  a rea  and mass changes was t o  reduce the  b a l l i s t i c  - 

2 2 coe f f i c i en t  from 471 kg/% (3.0 s lugs / f t  ) f o r  the fixed aeroshe l l  (Case 5) 
2 2 down t o  157 kg/m (1.0 s l u g / f t  ) f o r  t he  extendible  aeroshe l l  (Case 6). 

Table 11-7 prcsents the  extendible  aeroshe l l  mass proper t ies  which can 

be compared t o  those of the f ixed aeroshe l l  i n  Table 11-6. 

The extendible  aeroshe l l  packaging concept is  depicted i n  Figure 11-16 

and the  arrangement is s imi l a r  t o  t h a t  o f the  fixed aeroshe l l  (Case 5). 

The r e l a t i v e  center  of  g rav i ty  f o r  t h i s  configurat ion is somewhat fu r the r  

a f t  than tha t  of Viking, however the  vehic le  is  s t i l l  both s t a t i c a l l y  and 

dynamically s tab le .  Dynamic d a q i n g  augmentation was s t i l l  provided i n  the 

ACS system t o  assure  adequate dynamic s t a b i l i t y .  For comparison purposes, 

Figure 11-16 shows a fur ther  extension t o  the f l aps  which would be required 

t o  obtain the same relar ionahip a s  Viking fo r  the  pos i t ion  of the  cen te r  of 

g rav i ty  and the aeroshe l l  maxirrum diameter in te r face .  This diameter is  

9.7 m (31.2 f t ) .  





ENTRY MASS REQUIRED FOR EXTENDIBLE AEROSHELL CONCEPT (CASE NO. 6) 

6,000 Kg MAV - DIRECT RETURN MSR ! -- 
I -  ' 

ENTRY CHARACTERISTICS ! * 

TYPE ENTRY 

B A L L I S T I C  COEFFICIENT (~g/rn*) 

MASS SIJplMRY (Kg) 

BASIC AEROSHELL 

AEROSHELL EXTENS ION (FLAPS) 

BASE COVER 

ACS SYSTEM (EST.) 

BALLUTE (MACH 5 )  

PARACHUTE 

TERMINAL PROPULSION SYSTEM 
(SOLID + L I Q U I D )  

LANDER 

SUBTOTAL 
J 

ENTRY SYSTEM MARGIN 

ENTRY/LANDING TOTAL 
MAV ( INCL.  4 0 0  Kg MARGIN) . 

TOTAL (ENTRY t 4 S S )  

CONSTANT L /D  (0.15) a 

1 5 7  (1.0 SLUGIFT~) 

a o  rr @ * >  
,.. " < O  

290 (1) 6,000 Kg MAV PER J P L  DESIGN+-> " '  " '% . . . 
FOR WORST YEAR I N  1980's " 

' $  
660 

1 5 8  (i .e., 1988) 
21 
0 

3 5 4  

958 





I n  comparing t h e  f ixed (Care 5) and extendible  (Case 6) ae ro rhe l l  con- 

cep t r  f o r  a d i r e c t  r e tu rn  Mare sample r e tu rn  mirsion, t h e  following design 

cowids ra t i on r  were iden t i f  led.  

Doeinn Considerations Common t o  Both Concepts 

0 Very la rge  parachute required, 42 msters diameter (138 f t )  ; 

deployment dynamic p sure  two t o  th ree  times Viking. 

0 Sol id  rocket motors required f o r  terminal descent i n  addi t ion  % 

esi 
t o  18 Viking engines (site a l t e r a t i o n  and in t eg ra t i on  concern$ 

&# 

BE 

0 Landing gear  design d i f f i c u l t  due co high c.g. and s t w a g e  

space l imi ta t ions .  

Desinn Considerat ions - Fixed Aeroshell  Concert (Case 5pC 
b 

0 Entry s t a b i l i t y  problem with long afterbody and a f t  cq8. - 
l a rge  uncertainty i n  ACS requirement. 

0 Signi f ican t  afterbody heat ing due t o  s h a l l w  re turn  angle and 

high a G l e  of a t t ack  a t  LID = 0.3. 

Design considerat ions - Extendible Aeroshell  Concept (Case 6) 

0 Wchanisms f o r  f l a p  extension inCringe on lander space. 

0 Uncertaint ies  i n  performance and heat ing associated with gaps 

between f laps .  

mission: 
t 

a 

Ei ther  concept can probably be made t o  work. 
,. 

0 Entry and landing system mass required is s imi l a r  f o r  t he  

0 L w  LID and lw b a l l i s t i c  coe f f i c i en t  permitted by la rge  && ;. a 

area allows f l i g h t  p r o f i l e  s imi l a r  t o  Viking. 1 * .C 

F * *  
The f o l l w i n g  general conclusions were drawn r e l a t i v e  t o  th& fixed 

versus extendible  aeroshe l l  concepts f o r  a 6,000 kg MAV Mars Sample Return 

concepts. 

Extendible f l a p  concept appears t o  have fewer development un- 

c e r t a i n t i e s  (program r i s k )  and al'ows more d i r e c t  appl ica t ion  

of Viking technology. 



'. 8 
i r e. Four S t y .  IUS $ayloedr (Carer 7 and 8) - The objective o f t h i s  

t u k  war t o  estimate the  landed ~ 8 s  available when using the f u l l  four 

r tage 18S launch v d * .  &Tabla 11-8 prerentr the u s 8  breakdam start i r ig 

with the  launch p a m a d  qnjec ted  in to  a txanr-Mars t ra jec tory  fo r  the  

1908 and 1990 qpflr tunit ies .  There payload nreores ware obtained from 

Reference 1. 

The 400 kg margin m r  arrumed t o  include miscellaneous al locat ions for  
@ subsystem6 required for  navigation, comwlnication, thermal control,  e t c ,  

during interplanetary f l i g h t  and encounter a t  Mars. 

me entry d r s  was th& adjusted using ra t ios  developed i n  Case 6 t o  

estimate the  masses required for  the  various en t ry  system components such 

as  a e r o s h e l l / h e ~  shield,  chute, base cover, and landing system s t ruc tu ra l  

and propulsion elements. The difference between the  entry mass and the  

entry and landing subsystems gives the mass available fo r  the  MAV plus i t s  

margin. These available manses exceed the  baseline M4V maas plus margin of 

6,000 kg by 1,016 kg f o r  1990 and by 1,908 kg f o r  1988. ,$ 



I " "  



7. Alternate Entry Shaver 

Several a l te rnate  entry ahape concept8 were evaluated and the r e su l t r  

are eunmarired on Table 11-9. Evaluation c-nta o h m  a re  r e l a t i v e  

t o  the Care 5 configuration. Potential  entry vehicle shape8 are  constrain- 

ed by the shu t t l e  bay geometric charac ter is t ics  and by the volume and high 

dens i t y  requirements of the  EIAV veLicle. The aarodynamic charac ter is t ics  

of vehicles meeting these geometric constraints  are  not compatible with 

the high l i f t  charac ter is t ic  necessary t o  land very heavy payloads on the 

surface. Configurations such ps the extendible f lap  concept appear t o  

o f fe r  the  best approach for  del ivering maximum volume/welght payloads t o  

the surface of Mare. 



TA3I.E 11-9 

ALTERNATE ENTRY SHAPES -- PART 1 OF 2 

ENTRY SHAPE DESCRIPTION EVALUATION 

rn BASIC SYSTEM FOR 6,000 Kg MAV 
(CASE NO. 6) . 
REDUCES BE FROM 484 Kg/m2 

TO 157 ~ g / m *  

EIGHT PANELS 

1.67 m SPAN;1.69 m CHORD 

BASIC SYSTEM FOR 6,000 Kg MAV 
(CASE NO. 5 )  

rn AFT FLARE IMPROVES STATIC AND 
DYNAMIC STABILITY 

rn STAGE WITH BALLUTE 

1. REDlJCE ENTRY ENVIRONMENT. 

2 RELYEVE CHllTE DEPLOYMENT CON- 
DITION. 

3. ELIMINATE BALLUTE. 

4. REDUCE L/D REQUIRED TO 1.5 

5. INCREASE TERRAIN PEIGHT CAPA- 
B I L I T Y .  

6. INCREASED MECHANICAL COMPLEX- 
ITY.  

7. MORE COMPLEX HEAT PROTECTION. 

1. REDUCE REQUIRED RCS . 
2. RETAINS HIGH ORAG AND L/D 

CAPABILITY. 

3. F I T S  SHUTTLE ENVELOPE. 

4. ADDED STRUCTURAL WEIGHT AND 
HEAT SHIELD. 



TABLE I1 -9 CONTINUED 

ALTERNATI ENTRY SHAPES -- PART 2 OF 2 

ENTRY SHAPE EVALUATION 

@ ASYMMETRICAL B A L L I S T I C  AERO- 
SHELL 

BE - 94 ~ g / m *  

BLUNTED CObE (REVERSED CASE 5 
CONFIGURATION) 

1. LOUER BE. 

2. APPEARS FEASIBLE AERO- 
DYNAMICALLY. 

3. D IFF ICULT TO STOW I N  SHUTTLE 
WITH MAV CONFIGURATION. 

1. STATICALLY STABLE BUT REQUIRES 
TRIM DEVICE. 

2. REASONABLE DYNAMIC CHARACTER- 
ISTIC:. . 

3. F I T S  SHUTTLE PAYLOAD ENVEL. 

4. L /D  ABOUT 0.5. 

5. LOW DRAG RESULTS I N  RE - 780 
~ 3 / m * .  

6. HIGH ENTRY HEATING. 

7. CHUTE DEPLOY ALTITUDE EXTREMELY 
LOW ( -  MSL) 

8. VEHICLE MUST ROTATE ON CHUTE. 

I 

he- 



D, CONCLUSIONS - MARS SAMPLE RETURN SYSTEM TASK 

The following general conclusions were drawn r e l a t i v e  t o  t h e  Mars 

Sample lieturn en t ry  system evaluated within the  ground r u l e s  of t h i s  

task: 

o An entry/landing system can be developed t o  de l ive r  a landed-science/ 

ea r th  re turn  system of the  order  of 6,000-7,000 kg. 

o Such a system can be  based on Viking technology but w i l l  r equi re  

fur ther  development i n  areas  of :  

- Extendible aeroshe l l  segments; 

- Larger, higher dynamic pressure parachute systems; 

- Combined so l id / l i qa id  terminal descent system. 

o Going beyond these mass l i m i t s  i s  not p r ac t i ca l  due t o  the  severe 

cons t ra in t  on configurat ion packaging imposed by the  S h u t t l e  payload 

bay geometry. 

o Payload (useful landed mass) w i l l  be of t he  order of  60 t o  70% of 

t o t a l  en t ry  mass. 

o Target e levat ion capab i l i t y  appears l imited t o  3 km or  less -- s i t e  

a l t e r a t i o n  may be a problem due t o  massive terminal propulsion 

system. 

Table 11-10 summarizes the  d i r e c t  re turn  mission marnins a s  a funct ion 

of the en t ry  and landing system mass requirements. The general conclusion 

i s  t h a t  a four-stage IUS launch vehic le  configurat ion is  required fo r  the 

1988 and 1990 launch opportuni t ies  although only a three-s tage IUS is re-  

quired i n  1986. 



TABLE 11-10 Implications o f  Entry and Landing System Mass 
Requirements on Direct Return Mission Margin 

MAV ( Inc luding 230 Kg 
ERV and 400 Kg Margin) 

Entry/Landing System 

SUBTOTAL (Entry Mass) 

A l loca t ion  fob- Midcourse 
Correction, biocap , IUS 
Adapter, Level I Margin 

TOTAL 

Three-Stage IUS Payload 
Capabi 1 i t y  

Margin 
Port ion o f  Margin 
Usable f o r  Landed Ops. 

Four-Stage IUS  Payload 
Capabi 1 i t y  

Margin 
Port ion o f  Margin 
Usable f o r  Landed Ops. 

LAUNCH YEAR 

1986 

5,45~3(~) 

+1,020 

+ 6 5 0 ( ~ )  

No Data 
Avai lable 

NOTES : - 
(1) BASED ON EXTENDIBLE AEROSHELL VERSION, CASE - 0 .  6 

( 2 )  PER NAGORSKI HANDOUT, APRIL 1978 MARS MISSION REVIEW 

( 3 )  ESTIMATED BY SCALING 6 , 0 0 0  kg MAV D3WN BY PRELIMINARY 

JPL MAV MASS vs OPPORTUNITY DATA 

( 4 )  ESTIMATED BASED ON MASS RATIOS FROM CASE NO. 6 

( 5 )  ESTIMATED BASED ON MASS ZATIOS FROM CASES 7 AND 8 



TASK 2 - HARD LANDER ENTRY SYSTEM 

- 
A. TECHNICAL CONSIDERATIONS 

k 

The hard lander concept was conceived a s  a low cos t ,  r e l a t i v e l y  simple 

lander  which could survive a hard landing a t  impact v e l o c i t i e s  on the order  

of 20 m / s .  By comparison, the Viking s o f t  lander  impacts a t  about 2 m / s .  

A goal of t h i s  t a sk  was t o  maintain the philosophy of a simple en t ry  sys- 

tem with passive en t ry  and descent subsystems where p rac t i ca l .  However, 

a parachute was required t o  slow down the entry vehicle  i n  the th in  Mars 

atmosphere a s  well  a s  means of sensing the  deployment condit ions and ac t i -  

vat ing the system. The se lec ted  decelerat ion concepts u t i l i z e d  hardware 

components and techniques t h a t  a r e  well  within the s t a t e  of the a r t .  

B. OBJECTIVE OF TASK 

The object ive of t h i s  task was t o  e s t ab l i sh  an entry and descent con- 

cept f o r  a hard lander having the general s i z e ,  mass and impact ve loc i ty  

cha rac t e r i s t i c s  of the hard landers  evolved i n  References 7 and 8. 

C. ANALYSIS 

1. Guidelines and Ground Rules 

The hard lander entry system guidelines and ground ru les  f o r  t h i s  study 

were a s  follows: 

Entry from approach. 

Use e i t h e r  JPL o r  Martin Marietta configuration from 1976 s tudies  

f o r  lander def in i t ion :  

- Mass - 50 Kg; 
- Landing ve loc i ty  - 20 m / s .  

Minimize complexity and s i z e  of entry system t o  grea tes t  extent 

possible.  



0 Landing elevation as  high as poeeible -- 5 or  6 km acceptable. 

Entry and Descent 

Entry was from d i rec t  approach a t  a veloci ty of 6.0 km/sec and a 

f l i g h t  path angle of -25'. The entry vehicle, which had a b a l l i s t i c  
2 coefficient  of 31.5 kg/m , and flew a nonlif t ing t ra jec tory ,  decelerated 

t o  the chute deployment condition of Mach 2.0 a t  a veloci ty of 440 mps 

a t  an a l t i tude  of 10 km. The chute, which had a b a l l i s t i c  coefficient  of 
2 

2.6 km/m , continued t o  decelerate the lander and turn the f l i g h t  path 

angle u n t i l  terminal veloci ty was reached i n  the v ic in i ty  of 6 km abwe 

the reference surface. Fram t h i s  a l t i t u d e  oa down the veloci ty exceeded 

the desired 20 aps by 10 t o  15 mps. To remove t h i s  excess veloci ty a 

so l id  rocket motor was f i red  jus t  pr ior  t o  impact. The igni t ion  signal  

fo r  the  so l id  ro-ket motor was provided by a proximity radar. The descent 

p ro f i l e  is  i l lus t r a t ed  on Figure 111-1. 

An 18 m diameter second parachute which provides a terminal veloci ty 

of 20 m/s was b r i e f ly  examined, however t h i s  approach was rejected because 

of i t s  excessive mass of 50 kg. 





3. Configuration and Mass Proper t ies  

The hard lander  en t ry  system configurat ion is shown i n  Figure 111- 2 

with the 50 kg hard lander  packaged within.  A 45' half-angle cone aero- 

s h e l l  was se lec ted  because i t  minimized the diameter of  t he  en t ry  capsule 

and provided a very s t a b l e  b a l l i s t i c  en t ry  configuration. Spin-up/de-spin 

rockets were necessdvy t o  provide o r i en t a t i on  s t a b i l i t y  during the  t r a j ec -  

t o ry  def lec t ion  maneuver p r i o r  t o  entry.  A 6.9 m diameter parachute,  de- 

ployed a t  a Mach number of  about 2.0, decelerated the vehic le  t o  about 50 

m / s  a t  7 km a l t i t u d e .  A t  t h i s  condi t ion,  e i t h e r  a terminal phase s o l i d  

rocket o r  an 18 m diameter parachute could be used t o  reach the  f i n a l  de- 

s ign  impact ve loc i ty  of 20 m / s .  A s  discussed i n  the previous s ec t i on  

(paragraph I I I . C . Z ) ,  the  s o l i d  rocket was chosen because of i ts  very l i g h t  

mass ( 4 3  4) a s  compared t o  50 kg f o r  the  18 m parachute. 

The terminal, phase so l id  rocket subsystem required. a proxiuilty radar  

a l t imeter  t o  s igna l  rocket i g n i t i o n  j u s t  p r i o r  t o  impact. Although not  

shown, the s o l i d  rocket could be mounted on the  parachute harness l i n e s  

using the same technique t h a t  the Russians' have used i n  the  recovery 

of t h e i r  manned spacecraf t .  

Table 111-1 defines  the hard lander  en t ry  system mass breakdown f o r  

the d i r e c t  approach mission mode. 



FIGURE 111-2 

HARD LANDER ENTRY CONFIGURATION 
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Table 111-1 Hard Lander E n t q  System Mass Breakdown--Direct Entry ;+ 

Aeroshel 1 

Structure 
Heat Shield 
Spin Rockets/Support 

Base Cover (A/$ + H/S) 

Decelerator 

Parachute 
Mortar 

Terminal Phase Rocket 
and Support 

Radar Alt imeter 

Subtotal 

Lander 

ENTRY MASS 

Mass, Kg 



D. CONCLUSIONS - HARD LANDER ENTRY SYSTEM 

The following general conclusionr were drawn r e l a t i v e  t o  the Mar8 

hard lander en t ry  system evaluated wi th in  the  ground ruler, of t h i s  task: 

0 Direct en t ry  system mass of about 65 kg is required i n  support 

of a 50 kg lander. 

0 Ei the r  so l id  rocket o r  parachute can provide terminal descent 

and impact below 20 m/s veloc i ty .  

a Sol id  rocket is recommended terminal descent dece lera tor  because 

of small mass required. 

Sol id rocket requires  proximity radar  a l t imeter  f o r  i g n i t i a n  

timing. 



I V .  TASK 3 - MARS AIRPLANE ENTRY SYSTEM : Q 

A. TECHNICAL CONSIDERATIONS 

The primary technical concerns for the Mars airplane entry system 

were weight constraints and volume constraints imposed by the Shuttle 

payload bay geometry. The airplane stowed configuration characteristics 

and mass goal of 300kg were initially specified by JPL. Three entry 

capsules with one airplane in each could be packaged together within 

the Shuttle payload diauwter constraint of 4.27 m (14 ft) and, by stack- 

ing an additional cluster of three plus a single capsule on the end, a 

total of seven airplanelentry capsules could be packaged within a 9.1 m 

(30 ft) length. To accommodate this arrangement, the Viking type entry 

capsule was constrained to 3.81 m (12.5 ft) diameter. 

A design goal of the study wac to minimize the entry capsulelairplane 

mass by combining entry functions and hardware into the airplane system 

wherever practical. Such items as guidance, ACS control, and sequencing 

could use common computer equipment located on the airplane. These sub- 

systems as well as a common power source were briefly evaluated in an at- 

tempt to minimize the combination system mass. 

0, OBJECTIVE OF TASK 

The objective of this task was to establish an entry system for de- 

livering the Mars airplane concept defined in Reference 6. The airplane 

package (stowed configuration) size and mass were defined by JPL, and the 

required conditions (altitude and velocity) for deploment of the airplane 

were established by JPL. Ae part of this task the staging altitudes and 

decelerator configurations for second and third stage decelerators were to 

be evolved. 



C. ANALYSIS 

1. a 
The guidel ines  and ground ru l e s  f o r  the design of the Mars a i rp lane  

en t ry  ayatem a r c  as followa: 

0 Entry from 500 km by 24-hour o r b i t  - s imi l a r  t o  %ars '84" 

mission plan. 

0 Perform Viking-type en t ty ,  j.e., ACS system used f o r  deorb i t ,  

en t ry  o r i en t a t ion  and t o  maintain L/D * 0.2 during atmospheric 

en t ry  . 
0 Slow payload t o  60 m / s  a t  j 7.5 km a l t i t u d e  ( r e l a t i v e  t o  areoid).  

0 Airplane released i n  stowed configuration - unfolds i n  f r e e  f a l l  

phase. 

a Airplane computer cont ro ls  entry and deployment sequence. 

0 I f  p rac t i ca l ,  a i rp lane  power system provides a l l  entry system power 

requirements. 

0 Airplane mass is  approximately 300 kg's. 

2. Design Loads 

The design loads t h a t  w i l l  be experienced by the a i rp lane len t ry  capsule 

combination a r e  shown i n  Figure I V - 1 ,  along with the  possible  i n s t a l l a t i o n  

arrangement within the Shut t le  bay. The Shut t le  launch load f ac to r s ,  pre- 

sented i n  the i n s e t  t ab l e ,  def ine a maximum Shut t le  longi tudinal  load f ac to r  

of 4.2 gs. Since the entry c a p u l e  may be i n s t a l l e d  nose down o r  on i t s  

s ide ,  it may experience a 4.2 g launch load on e i t h e r  the longi tudinal  ax i s  

o r  on a se lec ted  l a t e r a l  a x i s  a s  depicted i n  the diagram labled "Launch." 

During the Mars entry a t  the s teepes t  entry angle of about -15.5', the entry 

capsule w i l l  experience a longi tudinal  decelerat ion load of 7.14 gs. The 

l a t e r a l  loads remain maall  during en t ry  s ince i t  is a nonl i f t ing  b a l l i s t i c  

en t ry  with an t ic ipa ted  small o s c i l l a t i o n  angles. 

The combination worst case design loads f o r  both launch and entry a r e  

shown i n  the lower diagram with a 7.14 g maximum longi tcd ina l  load and a 

4.2 g maximum l a t e r a l  load selected by o r i en t a t ion  on the Shut t le  t o  coin- 

c ide with the a i rp lane  fuselage longi tudinal  ax is .  





3. Entry and Descent T rak i c to r i r s  

Entry fo r  t he  Mars a t rp lane  del ivery system was from a 500 km a l t i t u d e -  

24-hour period o r b i t .  Entry ve loc i ty  and f l i g h t  path angle a t  243 km a l t i -  

tude was 4.65 km/sec and 14.5' t o  15.5' respect ively.  The 1.0' f l i g h t  

path uncertainty i s  o o q a t i b l e  with uncer ta in t ie8  associated with en t ry  

from o rb i t .  Entry aeroshe l l  phase was b a l l i s t i c  (non l i f t i n g )  down t o  an 

a l t i t u d e  of approximte ly  19 km where a 14.5 m chute was deployed a t  Mach 

2.0. A few seconds l a t e r  t h e  aeroshe l l  was staged and the  vehic le  continues 

t o  dece le ra te  and turn  t he  f l i g h t  path angle. A t  7.5 km a l t i t u d e  the ve- 

h i c l e  had slowed t o  60 mpa and was descending v e r t i c a l l y .  Entry environment 

and a l t i t u d e  cha rac t ez i r t i c s  a r e  shown i n  Figures IV-5 and IV-6. 
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4. Configuration and Mass Proper t ies  

The entry system f o r  the Mars a i rp lane  concept was required t o  provide 

i n i t i a l  en t ry  pro tec t ion  with addi t iona l  decelerat jon s tages  t o  slow the 

.r vehicle  down t o  60 m / s  a t  o r  above 7.5 km a l t i t u d e .  A s  discussed i n  Section 

IV.C.3, the  main parachute is deployed a t  a Mach number of 2 and the aero- 

s h e l l  is staged immediately afterward. This configurat ion,  with the a i rp l ane  

exposed a t  the  bottom, continues t o  decelerate  down t o  the a i rp lane  terminal 

deployment condition. Two approaches t o  support the a i rp lane  and car ry  the  

parachute loads i n t o  the  aeroshe l l  were considered and a r e  shown i n  Figure 

IV -4 .  The configurat ion on the l e f t  support t  the a i rp lane  from above a t  

two s t r u c t u r a l  hard po in ts  which a r e  attached t o  a base cover t ru s s .  The 

base cover t r u s s  a l s o  extends t o  the circumference of the  ae roshe l l ,  thus 

casying the  aeroshe l l  loads around the airplane.  This configurat ion maxi- 

mized the ava i lab le  envelope volume f o r  the  a i rp lane  t a i l  end stowage, had 

a c lean r e l ea se  of the a i rp lane  from the basecover t r u s s ,  assembly was re la -  

t i-rely easy, and the  aeroshe l l  could be released immediately a f t e r  main 

parachute deployment. A disadvantage of t h i s  ccncept was the r e l a t i v e l y  

heavy basecover t r u s s  assembly. 

In  con t r a s t ,  t he  configurat ion on the r i g h t  of Figure IV-4 supports 

the  a i rp lane  from below and c a r r i e s  i t s  weight t h r o ~ g h  a r ing  frame i n t o  

the aeroshe l l .  Its basecover is a l i g h t  s t r u c t u r a l  s h e l l  o r  aerodynamic 

f a i r j ng .  The parachute harness c a r r i e s  loads d i r e c t l y  t o  the outs ide c i r -  

cumference of the aeroshe l l ,  which i n  tu rn  supports the a i rp lane  weight. 

This concept has the po t en t i a l  f o r  weight savings s ince i t  has a r e l a t i v e l y  

l i g h t  weight basecover. However, compared t o  the f i r s t  concept, i t  pre- 

sented a more d i f f i c u l t  assembly, the a i rp laue  support hardware penetrated 

the ava i lab le  t a i l  stowage envelope, and the a i rp lane  must be supported 

from the top during aeroshe l l  s taging.  

Based on the  advantages and disadvantage? discussed above, the config- '. 
ura t ion  on the l e f t  with the basecover t r u s s  was chosen a s  the recommended 

concept fo r  fu r the r  evaluation. . 



FIGURE I V - 4  
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For a more detailed definition of the selected configuration, the 

entry system functions were compared to the airplane system functions in 

order to identify common elements. Table IV-F presents the entry system 

hardware, fuwtions, and key requirements for the Viking '75 entry vehicle 

which should be similar to those of the Mars airplane entry system. TaSle 

LV-2 defines the compatibility of the airplane and entry capsule systems, 

and based on this data, the entry capsule will require an ACS system with 

tanks, a separate radar altimeter antenna, and a separate remotely activa- 

ted Ag Zn battery. 

Figure IV-5 shows .a more detailed inboard profile of the airplane/entry 

capsule integration concept and Figure IV- 6 illustrates the plan view of 

the basecover truss relative to the airplane wing envelope. The ACS require 

t ~ o  propellant tanks with a nominal inside diameter of 29.2 cm (11.5 in.). 

Off-the-shelf tanks with an I.D. of 32.7 cm (12.88 in.) manufactured by 

Propulsion Systems, Inc. have flown on the Canadian Technology Satellite 

and these tanks weigh 2.5 kgeach. The tank mass' includes a pedestal mount 

which, when replaced by a conventional bracket, could probably reduce the 

mass somewhat. 

Table 'I\-3 presents a mass breakdown for the Mars airplane entry sys- 

tem. $or an airplane mass of 300kg and an aeroshell diameter of 3.8 m 

(12.5 ft) the entry system mass was 201.0kg and the total airplane/entry 

capsule mass was 501.0 kg. The aeroshell design used Viking-type aluminum 

skin-stringer construction and Viking heat shield ablative material. A 

potential savings in aeroshell mass may be possible by usir. -raphite epoxy 

composite materials. 



VIK ING LANDER ENTRY SUBSYSTEMS OPERATIONAL HARDWARE 

FUNCTION 

COMPUTER 

GYROS 

ACCELEROMETERS 

ACS ENGINE DRIVE 

RADAR ELECTRONICS 

COMMUNICATIONS 

ELECTRICAL POWER 

- - 

KEY REQUIREMENTS 

GCSC - 18K MEMORY, 8p SEC ADD, 1 2 3 ~  SEC D I V I D E  

I R U  - 100 DEG/SEC MEASUREMENT, 0 .3  DEG/HR 

RANDOM DRIFT 

I R U  - 50 pG RANDOM BIAS 

VDA - 1 2  RCS ENGINES 

RA - 1 GHx, 1 3 5  W, 450K F T  t o  135 FT 

UHF - l W ,  low, 4 KBPS 

3 BATTERIES, 24 AH (1 BATTERY OUT DESIGN) 







FIGURE I V - 6  
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MASS STATEMENT -- OUT OF ORBIT ENTRY SYSTEM 

ASSUMPTIONS: a AIRPLANE MASS OF 300 Kg 

0 YE = - 1 4 . 5 ~  TO - 1 5 . 5 ~  

0 A/S DIAMETER OF 3.8 m 

ITEM 

ENTRY SYSTEM AT SEPARATION 

DEORBIT + MANEUVER PROPELLANT 

ENTRY SYSTEM AT ENTRY 

RATE DAMPING PROPELLANT 

RELEASE AEROSHELL 

ENTRY SYSTEM ON PARACHUTE 

PARACHUTE SYSTEM 

BASE COVER STRUCTURE 

PARACHUTE TRUSS + MORTAR ASSEMBLY 

RCS HARDWARE + UNUSABLE CONSUM. 

RA + AA + VDA + BATTERY + PYRO DEVICES 

CABLING + STAGING CONNECTOR 

MASS, Kg COMMENTS 

ADD 300 Kg FOR AIRPLANE FOR WE 

DEORBIT BURN TO ENTER AT yE 

ALUMINUM SKIN-STRINGER CONSTRUCI ION, 
VLC HEAT SHIELD MATERIAL 

VLC RADAR ALTIMETER ELECT, + ANTENNA, 
MODIFIED VALVE DRIVE AMPLIFIER, FOUR 
EXPLOSIVE NUTS, TWO P I N  PULLERS 

ELECTRICALLY ACTUATED STAGING CONNEC- 
TOR 



Chapter I V  

D. CONCLUSIONS - MARS AIRPLANE ENTRY SYSTEM 

The following general conclusions were drawn r e l a t i v e  t o  the Mars 

a i rp lane  en t ry  system evaluated within the ground ru l e s  of t h i s  task: 

Base cover t r u s s  supported a i rp lane  is preferred concept. 

0 200 kg approach from o r b i t  en t ry  system w i l l  support 300 kg 

a i rp lane  en t ry  and provide proper deployment. 

Shut t le  payload envelope is compatible with launch of four  t o  seven 

a i rp lane  en t ry  systems depending on suppurt spacecraf t  +ze .  

Entry command and control  functions can be incorporate ;ctc t:: - 

airplane.  

Entry system must r e t a i n  radar a l t ime te r ,  RCS subsystem, valve 

dr ive c i r c u i t r y ,  and supplemental ba t t e ry  power. 
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Imoffice Memo 

Date: 1 February 1978 

Refer To: 78-APP-003 

TO: 5. J.  I k c ~ a i ,  A. J. Butte, R. E. Frank, J. R. Mellin,  . L. D. Friedman (JPL), J. R. French (JPL), R. P. Nagorski (JPL) 

. F.rom.: - .. C. I. French 
. . 

Subject: ~ a n d e d  Wetght o n  Mars 

Reference: 1) Mar8 '84 Landing System Def in i t ion  MMC Report XR-77-78, 
Apri l  1977. 

2) Automated Mars Surface Sample Return Mission Concepts, 
NASA Technical Memorandum, NASA TM X-3184, June 1975. 

A b r i e f  r tudy was conducted t o  determine the  maximum mass which can 
be landed on t h e  sur face  of  Mars using Viking system concepts. Two methods 
of extending the  Viking capab i l i t y  were invest ighted.  Concapt 1 i s  consis- 
t e n t  with the  Viking 75 design en t ry  environment l i m i t s ' o f  dynamic pressure,  
heat ing r a t e  and hea t  load. The landed weight: performance was assessed a s  
a funct ion of ae roshe l l  diameter, with a cons is ten t  increase i n  parachute 
diamete - and i n  terminal phase propulsion thrus t .  These r e s u l t s  a r e  an 
extension of t h e  work presented i n  Rcference 1. I n  addi t ion ,  Concept 2 
allows increased en t ry  dynamic pressure,  heat  environment and a small 
increase i n  parachute deployment conditions.  Parachute deployment is by 
p i l o t  chute r a t h e r  than by mortar. This ana lys i s  is based on the  work 
reported i n  Reference 2. 

Study r e s u l t s  f o r  Coacept 1 and 2 a r e  presented on Figure 1. Landed 
dry  maes is  p l o t t e d  a s  a funct ion of  mass a t  entry,  f o r  ae roshe l l  diameters 
f~-om 11.5 t o  15.0 f t ,  and f o r  th ree  landing site t e r r a i n  heights .  It can 
be seen t h a t  Viking designs,  o r  res idua ls ,  i.e. 11.5 f t  ae roshe l l ,  and a 
landing si te t e r r a i n  height  of  15 km, would r e s u l t  i n  a landed dry mass 
of 790 kg (1742 lbs) .  By increasing en t ry  and descent veh i c l e  s i z e s ,  and 
a l s o  environment sever i ty ,  a range of  landed d ry  masses up t o  2400 kg 
(5291 l b r )  could be a t ta ined .  

For Concept 1, the  following cons t r a in t s  and assumptions were made. 

1. Entry is from Mars o r b i t .  

2. Viking en t ry  f l i e t  path corriaol: i o  maintained (-15.9' 
t o  -17.6'). 

3. Entry b a l l i s t i c  coe f f i c i en t  (0.50 s l / f$ )  is held 
cons tan t  a s  A/S diameter is increased. 



APPENDIX A--LANDED WEIGHT ON MARS - OUT OF ORBIT ENTRY - 

This appendix contains the memorandum which served as the basis  for 

the landed performance and weight eetimates for Cases 1 ,  2 ,  and 3. 



Refer to: 78-AAP-003 
31 January 1978 
$age 2 

4. Viking parachute  deploy c o n d i t i o n s  and b a l l i s t i c  c o e f f i c i e n t  
maintained.  

5.  T e r r a i n  he igh t  o f  1.5 km assumes 1 .5  km u n c e r t a i n t y  f o r  a 
sit& a t  MSL. T h i s  is 112 t h e  Viking des ign  u n c e r t a i n t y .  

6. Terminal phase propuleion system is regu la ted  t o  a c o n s t a n t  
p r e s s u r e  feed. T/W r a t i o  is he ld  c o n s t a n t  as landed weight di is  increased.  

*or Concept 2, bared on t h e  a n a l y s i s  presented i n  Reference 2 ,  the  
fo l lowing assumptions and q u a l i f i c a t i o n s  are made. 

1. Ent ry  1 4  from Mars o r b i t .  
2 2. B a l l i s t i c  c o e f f i c i e n t  is inc reased  (0.92 s l / f t  ). 

3 .  L i f t  t o  Drag r a t i o  is inc reased  (0.28). 

4. Entry  f l i g h t  pa th  c o r r i d o r  is steepened (-20' t o  -22O). 

5. Aeroshel l  s t r u c t u r a l  weigbt is increased t o  compensate 
f o r  t h e  h igher  dynamic p ressure .  

6. Haat s h i e l d  weight (and m a t e r i a l )  i s  changed f o r  t h e  more 
severe  hea t ing  etwironment. 

7. Terminal phase T/W is increased.  

A comparison of  t h e  two concepts a t  t h e  b a s i c  l1.5 f t  a e r o s h e l l  
d iameter  is shown on Table I, a t t ached .  Table I1 p r e s e n t s  t h e  weight 
v a r i a t i o n  of  major subsystems as a e r c s h e l l  diameter is inc reased .  

The landed weights achieved by Concept 2 a r e  f e l t  t o  r e p r e s e n t  t h e  
upper l i m i t  o f  those  ac ' i ievable  w i t h  a Viking system cotwept f o r  t h c  
fo l lowing reasom:  

1. Aeroshel l  diameter is l i m i t e d  by Space S h u t t l e  bay c o n s t i a i n t s .  

2. LID r a t i o  is  cons t ra ined  by maximum t r i m  ang le  of  a t t a c k  of 
apprc x imate ly  20'. 

3. B a l l i s t i c  c o e f f i c i e n t  is cons t ra ine>  by parachute  deployment 
condj t i o n s .  

4. The a n a l y s i s  of  Reference 2 d i d  no t  a l low f o r  d i s p e r s i o n s  i n  
t h e  a\tmosphere model and assumed a wind p r o f i l e  w i t h  z e r o  
ve1oi. i ty a t  t h e  su r face .  

C. E. French 

Enclosure 





Entry Weight, lb 

A/S Diameter, ft 

L/D 

YE, Corridor, deg 

MISSION CONCEPT COMPARISON 

CONCEPT 1 

Aeroshell: 

Structure 207 

Thermal Protection 56 

Propulsion inerts 6 residual 63 

&,, psf  144 
2 ex, BTU/ft -sec 26* 

Qtotal' BTU/ £ t2 1510* 

Veinht a t  Chute Deploy, l b  2131 

Parachute + Backface 

Chute Diameter, f t  

B~~ s11£t2 

Chute Structure, l b  

Mortar + misc 

B/F S t .c t  

Heat Protection 

*Design Values 

%is weight is increased by 140 l b s  
over that of Reference 2 

COhCEPT 2 





TABLE I1 

INCREASED AEI!OSHCLL DIAlIETER WEIGHTS 

A/S Diameter, f t  

\<E 3 l b  

A/S Weight, lb 
(S trccture 6 Heat Shie ld)  

Ckute Diameter, f t  

Chut.c :::-ca, sq f t 

Chute i:r,ight, l b  

Bac!cface Veight 

Terminal Phase Prepellant:  

Vel Contour Fuel,  l b  

Concept 2 - 
A/S Diameter, f t  

A / S  'Weight, l b  
(Structure + Heat Shie ld)  

Chute Diameter, f t  

Chute Area, sq f t  

Chute Weight, l b  

Backface Uei gh t 

Terminal Phase Propellant: 

Vel Contour Fuel,  1.b 

''This weight is i n c renscd  by 140 lbs 
over that  o f  Refcri~nce 2 



APPENDIX B -- VEHICLE MASS SCALING FACTORS 

Major e n t r y  v e h i c l e  subsystem mass e s t i m a t e s  f o r  MSR a r e  based on 

a c t u a l  Viking hardware masses, Sca l ing  f a c t o r s  used i n  e s t i m a t i n g  mass 

p r o p e r t i e s  f o r  MSR a r e  desc r ibed  below. 

Aeroshel l  S t ruc tu re :  

W 

V I K  

Where : 

WvIK = 86.2 Kg, Viking a e r o s h e l l  s t r u c t u r a l  mass; 

K = 1.1, f a c t o r  t o  account f o r  inc reased  diameter;  

PS a Surface p ressure  a t  maximum dynamic p r e s s u r e ;  

AREA = Pro jec ted  a e r o s h e l l  a rea .  

For cases  6,  7 ,  and 8 extended f l a p  weights were es t imated by use 

o f  Report NASA CR-66663, R e f e r e n c e 5 ,  which p r e s e n t s  f l a p  weight a s  a  

f u n c t i o n  of s u r f a c e  p r e s s u r e  and t o t a l  a e r o s h e l l  ( f l a p s  extended) r ad ius .  

Flap weights a r e  added t o  t h e  f i x e d  a e r o s h e l l  weight ,  which I s  e s t ima ted  

a s  above, t o  g ive  t o t a l  a e r o s h e l l  s t r u c t u r a l  mass. 

Aeroshel l  Heat Shie ld:  

Heat s h i e l d  weights f o r  Cases 4 and 5 a r e  c a l c u l a t e d  a s  d iscussed i n  

Sect ion II.C.5 i n  the  main r e p o r t .  Heat s h i e l d  weights f o r  Case 6  wi th  

extended f l a p s  a r e  es i imated by: 

TOTAL HEAT 
'HS W ~ ~ C A S E  TOTAL  HEAT^^^^ 

A s  cases  7 and 8 have the  same e n t r y  hea t ing  environment t h e i r  hea t  s h i e l d  

weights a r e  r a t i o e d  by a r e a  ( f l a p s  + f ixed  a e r o s h e l l ) .  

Base Cover S t r u c t u r e :  

Base cover s t r u c t u r a l  weights a r e  r a t i o e d  on the  b a s i s  of s u r f a c e  a r e a  

t o  the  weight presented i n  the  LRC s tudy,  Reference 2.  The LRC s t r u c t u r a l  

mass 1 s  66 Kg. 



Base Cover Heat Shie ld:  - 
It is  assumed the  hea t  s h i e l d  m a t e r i a l  on the  base  cover cannot be 

appl ied  a t  th icknesses  l e s s  than 0.1 m. Heat s h i e l d  weight i s  t h e r e f o r e  

a func t ion  of s u r f a c e  a r e a  only.  

Parachute Sys tem Mass : 

Parachute a r . a  is s i z e d  by assuming t h e  same b a l l i s t i c  c o e f f i c i e n t  

on the  chute  (10.44 ~ ~ / m ' )  a s  optimized i n  the  LXC s tudy ,  Reference 2 .  

Parachute system weight i s  es t imated a s  fo l lows.  

Canopy Weight = 

Drogue Diam. 2 X  A/S diameter = 11 Kg (Based on P ~ o n e e r  Venus Chute) 

Mortar + Truss = 5 Kg 

Tota l  Drogue System, 16 Kg 



APPENDIX C - CONSTANT L/D RATIO PARAMETRIC DATA 

This appendix presents parametric entry characteristic curves and 

parachute deployment conditions as a function of entry flight path angle, 

ballistic coefficient, and L/D ratdo. These data are for constant L/D 

ratio (not roll modulated) and are for a concept on which analysis was 

terminated early in the study. 












